Abstract. The carbon emission prediction model of agroforestry ecosystem based on least squares regression method has no learning process for data samples, it is difficult to accurately describe the nonlinear relationship among them, and the prediction accuracy is poor. A carbon emission prediction model of agroforestry ecosystem based on support vector regression was designed. Seven carbon sources, including root decomposition, chemical fertilizer, pesticide, agricultural film, agricultural irrigation, agricultural machinery and farmland tillage, were selected as influencing factors of carbon emissions in agroforestry ecosystem. The SVR model for carbon emissions prediction in agroforestry ecosystem was constructed, and the regression function of sample data was solved by optimizing the training sample data based on the basic principle of support vector regression machine. On this basis, the data of influencing factors of agroforestry ecosystem were normalized and substituted into the model to predict the carbon emission results of agroforestry ecosystem system. Experiments show that the errors of the designed model in predicting the average carbon emissions of agroforestry ecosystems in the two experimental provinces from 2010 to 2017 are 5.9/10 4 t and 6.4/10 4 t, respectively, which are lower than those of other models. The average time of predicting the carbon emissions of agroforestry ecosystems in the two experimental provinces from 2006 to 2015 is about 4.15 s, which shows that the model can predict agriculture. The results of forest ecosystem carbon emissions have the advantages of high efficiency, high precision and comprehensiveness.
Introduction
Since the late nineteenth century, the global surface temperature has risen by 0.4-0.8 °C. Global warming, an environmental change problem, has attracted widespread attention in the international community. Greenhouse gas emissions are the main causes of climate warming (Grinblat et al., 2015) . The main greenhouse gases produced by human activities are carbon dioxide, methane, nitrous oxide and fluoride, among which carbon dioxide is the most important anthropogenic greenhouse gas (Babaranti, 2019) . Fluoride itself does not contain Greenhouse Effect, but a greenhouse gas. The IPCC Fourth Assessment Report pointed out that the increase of global carbon dioxide concentration was mainly attributed to the use of fossil fuels (Onwuka et al., 2019) . The increase of nitrogen monoxide concentration was mainly attributed to the use of agriculture and fossil fuels. The increase of nitrogen monoxide concentration was mainly attributed to the agroforestry ecosystem (Zhang et al., 2016) . With the progress and extension of agroforestry ecological science and technology, the industrialization trend of agroforestry ecosystem has been strengthened. For example, the United States is a typical modern country of agroforestry ecosystem. Its development of agroforestry ecosystem is essentially based on technology and energy. oil, so the carbon emissions are predicted from the perspective of input (Sharma et al., 2019) . Support Vector Machine (SVM) is a new machine learning algorithm based on statistical learning theory. Because of its excellent learning performance, it has been successfully applied in many fields such as face recognition, handwritten numeral recognition and image retrieval, which can be used for classification and regression problems. In order to solve the defects existing in the prior method, an effective carbon emission prediction method is found, and the basis for the implementation of the highefficiency energy-saving emission reduction decision is provided. In this paper, a prediction model of carbon emissions in agroforestry ecosystem based on SVM is designed, which provides an important basis for making efficient energy-saving and emission reduction decisions .
Materials and methods

Selection of influencing factors of carbon emission in agroforestry ecosystem
When the carbon source of the ecosystem was predicted, the carbon emissions of the selected two experimental provinces increased at a constant rate. GDP is the final result of the production activities of all permanent units in a country (or region) calculated by market price. and obtaining the GDP data according to the GDP accounting system. There are seven kinds of carbon sources for predicting carbon emissions in agroforestry ecosystems (Sinare and Gordon, 2015) : first, the carbon emissions caused by the use of chemical fertilizers; second, the carbon emissions caused by the use of pesticides; third, the carbon emissions caused by the decomposition of residual roots after harvesting crops; fourth, the carbon emissions from indirect consumption of fossil fuels during irrigation; fifth, carbon emissions caused by the use of agricultural film; Sixth, the destruction of soil organic carbon pools by farmland tillage, resulting in the loss of a large amount of organic carbon into the air and carbon emissions; seventh, the direct or indirect consumption of fossil fuels (diesel, electricity, etc.) by agricultural machinery (Michael et al., 2015) . These seven carbon sources were selected as independent variables of carbon emission prediction in the studied agroforestry ecosystem. Figure 1 depicts the proportion of different carbon sources in total carbon emissions in the agroforestry ecosystem of China. It can be concluded that the carbon emissions of agroforestry ecosystem in this province are mainly caused by root decomposition after harvesting (accounting for 59.8712% of the carbon emissions of agroforestry ecosystem). In agroforestry ecosystem, the proportion of carbon emissions of various types in total emissions is in the order of root decomposition (59.8712%), chemical fertilizer (28.0495%), pesticide (4.9972%), agricultural film (3.0612%), agricultural irrigation (2.2927%), agricultural machinery (1.7519%) and farmland tillage (0.0123%). The proportion of root decomposition in agricultural carbon emissions is prominent due to the large agricultural planting area and unscientific farmland management in the province (Carsan et al., 2015) .
SVR model for prediction of carbon emissions in agroforestry ecosystem
The SVR model for carbon emission prediction of agroforestry ecosystem was established. 
Figure 1. Emission ratio of agroforestry ecosystem in a province
Basic principle of support vector regression machine SVR is a machine learning method based on statistical learning theory (Sloat et al., 2015) . Because it is especially suitable for limited samples, it can obtain global optimum theoretically and has a good generalization ability. Moreover, its computational complexity is independent of the dimension of samples. It has been well applied in function approximation and regression estimation (Helen, 2016) . Given the training set 
In the formula, 
 , and it can be calculated:
Finally, the linear regression function of the training sample is obtained as follows:
It is not difficult to see that the dual problem (Eq.2) and regression function (Eq.5)
only involve the inner product operation   i j x x  between sample inputs. Therefore, the inner product kernel function  
can be introduced to transform the linear regression problem into the non-linear regression problem in the high dimensional space (Hilbert space) (Dressler et al., 2015) . The support vector regression model (   SVR) can be constructed (Marilice et al., 2015) . , , , ,
is obtained, the corresponding training sample regression function becomes as follows:
, and the corresponding b is:
Establishment of SVR carbon emission prediction model
A multi-input and single-output support vector regression model is constructed by constructing the relationship between the input and the output through the SVR model, as shown in Figure 2 , and then substituted into the SVR carbon emission prediction model to get the fine map. The grid width m , cross validation fold k and regression bandwidth  remain unchanged, which are 1, 5 and 0.05, respectively. The optimum values C  and   of C and  are 9.18959 and 0.0358968, respectively. The fourth step is to construct and test the SVR carbon emission prediction model. The SVR carbon emission prediction model was constructed by using the above optimal parameters C  ,   and all training samples. The regression function was obtained as follows: 
x is the input sample whose model parameters are not zero, that is, support vector;   f x is the set of output vectors. After the regression function   f x is obtained, the correlation coefficients of training samples and test samples are substituted into   f x to get 1 0.997601 S  and 2 0.976871 S  , respectively. At the same time, the training sample and the test sample are substituted into the model to obtain the comparison chart between the original data and the fitting data, as shown in Figure 3 . Therefore, the regression function   f x can be used as a carbon emission prediction model of agroforestry ecological coefficient in a province of China. Analysis Table 1 and Figure 4 show that the average carbon emissions of agroforestry ecosystem in the first province from 2010 to 2017 are about 8747.4/10 4 t. The difference between the average carbon emissions predicted by this model and the average actual carbon emissions is the smallest, about 5.9/10 4 t, while the differences between the other models and the actual emissions are 39.5/10 4 t, 23.9/10 4 t and 167.5/10 4 t, respectively. 
Results
Accuracy analysis of model prediction results
In
Analysis of correlation between of GDP and carbon emissions
In order to analyze the correlation between GDP and carbon emissions of agroforestry ecosystem, the factors influencing carbon emissions in China in 2010, the factors predicted at different GDP growth rates and different agroforestry ecological consumption rates in 2011-2015 were normalized into the model, and the output results were inversely normalized. The predicted value of carbon emissions in China in 2010 was 1.026 × 10 7 t. The predicted carbon emissions during the 12th Five-Year Plan period at different GDP growth rates and different carbon emission ratios are shown in Table 3 .
From the above analysis, the projected carbon emissions by 2030 can reach 10.49 billion tons. The model predicts that under the same GDP growth rate, the larger the proportion of agricultural and forestry ecological consumption decreases, the less carbon emissions, and the slower the growth of carbon emissions will be over time. This indicates that the optimization of agricultural and forestry ecological energy structure, http especially the development and utilization of low-carbon energy, will be conducive to reducing the proportion of carbon dioxide in energy consumption, thereby slowing down the growth trend of carbon emissions. Under the same decline rate of ecological consumption of agriculture and forestry, the greater the growth rate of GDP, the more carbon emissions, and the faster the growth rate of carbon emissions over time, which shows that if we pursue the rapid growth of GDP too much, the carbon emissions in China will increase rapidly. Therefore, in the future, China can appropriately reduce the GDP growth target and continuously promote the optimization of energy structure to ensure the effective realization of carbon emission reduction targets. 
Analysis of model practicability
In order to verify the practicability of the model, the model was used to predict soil carbon emissions under different vegetation cover in the agroforestry ecosystem of the experimental object 1. Vegetation coverage refers to the ratio of the vertical projected area of plants to the area of a region, expressed as a percentage. The results are shown in Table 4 . Table 4 shows that the prediction errors are less than 9.80/10 4 t when the model is used to predict the soil carbon emissions under different vegetation cover in the agroforestry ecosystem. The experimental results show that the model can predict the soil carbon emissions in the agroforestry ecosystem comprehensively and has strong practicability.
Analysis of model prediction efficiency
In order to test the prediction efficiency of this model, the carbon emissions of agroforestry ecosystems in two provinces from 2006 to 2015 were predicted by using this model and the other three models respectively Tables 5  and 6 .
Analysis Tables 5 and 6 show that the time used to predict carbon emissions from agroforestry ecosystems in different years of the experimental object 1 is 3.64-4.53 s, and the average time spent is 4.07 s, while the average time spent by the other three systems is 7.39 s, 9.41 s and 8.20 s respectively. The model predicted the carbon emissions of agroforestry ecosystems in different years of the experimental subjects 2 in 3.85-4.69 s, and the average time spent was 4.23 s. The average time needed for the other three systems to predict carbon emissions was 7.65 s, 9.60 s and 8.55 s, respectively. The experimental results show that it takes less time to predict the carbon emissions of agroforestry ecosystem by using the proposed model. The average time to predict the carbon emissions of different experimental objects is about 4.15 s, which is the highest efficiency. 
Discussion
This paper puts forward policy suggestions on carbon emission reduction in agroforestry ecosystem from four aspects: developing agroforestry ecosystem economy, improving agroforestry ecosystem efficiency, adjusting agroforestry ecosystem structure and scientific management. China ranks first among the world's largest carbon emitters, the United States second, and India third, according to data. According to a 2016 report by the American Lung Association, more than half of people in the United States face the risk of breathing air pollution, with carbon dioxide emissions of 54.14 million tons. Although India has signed agreements to reduce emissions and use clean energy, 1.2 million people die every year from respiratory diseases (Deo et al., 2016; Tian and Wang, 2016; Xiao et al., 2018) .
Improving the development level of agroforestry ecosystem and vigorously developing low-carbon agroforestry ecosystem
Carbon emissions of agroforestry ecosystems in China are increasing year by year, and the level of economic development of agroforestry ecosystems plays the most important role in promoting the scale of carbon emissions of agroforestry ecosystems expands with the rapid development of agroforestry ecosystems. But the hard measures to restrain economic growth are not advisable. The key is to improve the quality of economic development of agroforestry ecosystem. As long as agroforestry ecosystem takes the road of sustainable development, we can get economic growth and environmental quality improvement at the same time (Brahma et al., 2018; Norhayati Rashid, 2017) .
First of all, it needs to be supported by a good policy and legal environment, a perfect training system for new farmers and practical talents, a modern agroforestry ecosystem production and management system, and diversified farmers' cooperative organizations. It exploratively brings the emission reduction of agroforestry ecosystem into the track of legalization, so that the emission reduction of agroforestry ecosystem can be legalized. ecosystems. It will increase investment in agroforestry ecosystem infrastructure and vigorously develop core technologies in the field of low-carbon agroforestry ecosystem.
Improving the productivity of agroforestry ecosystem and reducing the carbon emission intensity of agroforestry ecosystem
The improvement of production efficiency of agroforestry ecosystem plays a positive role in reducing carbon emission of agroforestry ecosystem. Although the intensity of carbon emission of agroforestry ecosystem in China is decreasing year by year, the production efficiency of agroforestry ecosystem in China is still low. Improving the productivity of agroforestry ecosystem does not only mean scale and mechanization. For example, the scale and mechanization model of the United States brings about high land productivity and commodity efficiency, but also high pollution and high consumption. Therefore, our efficient agroforestry ecosystem should be a technological route with biochemical technology as the main and mechanical technology, promoting the research and development and application of scientific research and innovation, and improving the utilization efficiency of various agricultural funds.
In order to achieve a reasonable combination of nitrogen, phosphorus and potassium fertilizers, it is necessary to apply fertilizers strategically according to different soil nutrient conditions, so as to reduce carbon emissions in the production and transportation of chemical fertilizers, as well as direct carbon emissions in the application process. Promoting the comprehensive utilization of straw resources, strengthening recycling and returning straw to the field will help to improve the soil nutrient status, increase organic matter and improve the soil fertility level (Saleh et al., 2016) . Straw can be silage, ammoniation, compaction, microbial fermentation and other ways to produce breeding feed, effectively improve the utilization efficiency of straw resources; biological insecticide-repellent method is used to replace pesticides, using the medicinal properties of various plants in nature and the intergrowth of organisms to achieve the method of resisting pests.
Adjusting the industrial structure of agroforestry ecosystem and reducing the carbon emission of agroforestry ecosystem
The adjustment of industrial structure of agroforestry ecosystem is helpful to reduce carbon emission of agroforestry ecosystem. On the basis of ensuring basic food security, regions should base themselves on resource advantages, face market demand, and develop their own advantages and characteristic departments according to their own resource enjoyment.
First, we should increase the gross domestic product of forestry, fishery and animal husbandry, change the traditional agroforestry ecosystem model and develop diversified agroforestry ecosystems. For example, the emerging agroforestry ecosystem, which combines the traditional agroforestry ecosystem with tourism, meets the requirements of the development of ecological economy, and improves the comprehensive capacity of agroforestry ecosystem production by promoting the comprehensive development of various sectors of agriculture, forestry, animal husbandry and fishery. In the process of structural adjustment of agroforestry ecosystem, each subject should be clearly positioned to give full play to their respective effects. Secondly, we should combine the actual situation, find out the advantages and breakthroughs, scientifically and rationally adjust the structure of planting industry, and combine with aquaculture. Under the condition of http://www. 
Implementing scientific farmland management technology
The dynamic change of organic carbon in agroforestry ecosystem is not only affected by natural factors such as temperature, precipitation and vegetation types, but also by agricultural management measures such as fertilization, straw returning, no-tillage and irrigation. Under the current planting mode, the space for increasing the carbon sequestration effect of agroforestry ecosystem through the improvement of existing management measures has been very small, and the potential for further carbon sequestration is limited. In order to further improve the carbon sequestration capacity of agroforestry ecosystem, we must implement scientific agroforestry ecosystem management technology, reduce the carbon dioxide emissions from the residual root decomposition after harvesting, and further improve the carbon sequestration capacity to the residual root decomposition after harvesting, such as scientific irrigation, rational fertilization and so on.
Conclusions
In this paper, a prediction model of carbon emissions in agroforestry ecosystem based on support vector regression machine is designed. Seven different kinds of carbon sources in root system are selected as influencing factors of carbon emissions in agroforestry ecosystem. According to the basic principle of support vector regression machine, a prediction model of carbon emissions in agroforestry ecosystem is established. The prediction model predicts carbon emissions in agroforestry ecosystem based on seven influencing factors data. Experiments show that the difference between the average carbon emission and the actual average carbon emission of agricultural and forestry ecosystems in the two provinces are 5.9/10 4 t and 6.4/10 4 t respectively, which is lower than that of other prediction models. The prediction model predicts that under the same GDP growth rate, the optimization of the energy structure of agricultural and forestry ecosystems is conducive to reducing the proportion of carbon dioxide in energy consumption, thus reducing the proportion of carbon dioxide in energy consumption. The average time used to predict the carbon emissions of agricultural and forestry ecosystems in different years was 4.07 s and 4.23 s, respectively, which was lower than the average time of other prediction models. The experimental results showed that the model in this paper can predict carbon emissions of agroforestry ecosystem quickly and completely.
